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treatment conditions are investigated using SEM/EBSD and TEM, and tensile tests at 700oC were carried out to 
verify the feasibility of the Ni-based ODS alloy development. 
2. Experiments 
Pure elemental metal powders were mixed with 0.6wt% yttria (Y2O3) powders in proportion with two target 
compositions, alloy 617 based (Ni-22Cr-12Co-9Mo-1Al) and alloy XR based (Ni-22Cr-18Fe-9Mo), and 
mechanically alloyed in a planetary ball mill. Ni powders were around 43 microns in diameter, and yttria 
powders were less than 10 microns. The chemical compositions of Ni-based ODS alloy specimens are shown in 
Table 1. The ball-to-powder ratio was 15:1, and mechanical alloying (MA) was carried out at 200 rpm for 14 
hours in an Ar filled glove box. Before the hot isostatic pressing (HIP), the MA powders were reduced with a 
flowing 5% hydrogen mixture gas, and degassed at 500oC for 1 hour. The HIP process was done under 104 
MPa at 1200oC for 4 hours. The HIPped samples were hot rolled at 1050oC down to a 60% reduction in 
thickness. Then, the samples were annealed at 1050oC for 1 hr and water quenched. 
For microstructure analyses, the samples were etched using a twin jet polisher with an HClO4 and C2H5OH 
solution at -30oC and 25 volts. The gauge section of the tensile specimen was 4.7 x 1.0 x 25.0 mm in size and 
was prepared along with the rolling direction. Tensile tests were conducted out at room temperature and at 
700oC with strain rates of 0.002 and 0.0001/sec, respectively. 
Table 1 Chemical composition of Ni-based ODS alloy specimens 
 
Ni Cr Fe Co Mo W Ti Al Mn Si Y2O3 
617-ODS bal 22.3 0.1 12.7 8.70 -  0.6 0.6 - 0.30 0.6 
XR-ODS bal 20.4 18.8 -  8.75 0.85 0.03 0.08 0.86 0.35 0.6 
3. Results and discussions 
Alloy 617-based ODS alloy specimens were characterized with EBSD, and the average grain size of the 
ODS alloy specimens showed about 1 micron diameter compared with those of a conventional alloy 617 with 
about 30 micron diameter. This fine grain structure seems to be attributed to the mechanical alloying process 
and would be effective for an increase in yield strength (Figure 1). Most of the dispersed particles were 
spherical in shape with an average diameter of about 60 nm, and identified as having a monoclinic Y4Al2O9 
complex oxide phase [5]. 
 
     
Fig. 1. SEM micrographs of solution annealed (a) conventional 617 alloy and (b) 617-based ODS alloy specimens (the inset is a TEM 
micrograph showing the oxide dispersoids) 
286   Jinsung Jang et al. /  Procedia Engineering  55 ( 2013 )  284 – 288 
The yield strengths of 617-based ODS alloy specimens increased by 106% compared with that of a 
conventional specimen at room temperature, and by 84% at 700oC (Figure 2). Strain hardening was not 
apparent at 700oC and the elongation seems to be deteriorated, while the strain hardening was clearly observed 
with a sufficient elongation at room temperature. TEM micrographs of the tensile tested specimens are shown 
in Fig. 3. It appears that many sub-grains formed during the tensile test at room temperature, while mechanical 
twinning was frequently observed at high temperature. 
The randomly distributed crystallographic orientation of the grains in solution annealed 617-based ODS 
alloy specimens revealed their distribution change mostly to [001] and [111] during the tensile test at room 
temperature, while the random distribution did not change much during the test at high temperature. 
 
 
Fig. 2. Tensile test results of 617-based ODS alloy specimens at room temperature and 700oC compared with those of conventional 617 
alloys. 
    
Fig. 3. TEM micrographs of 617-based ODS alloy specimen after tensile test at (a) 25oC and (b) 700oC. 
The yield strength of XR-based ODS alloys increased by 58% compared with that of conventional alloy XR 
at room temperature, and by 74% at 700oC (Figure 4). Figure 5 shows fractographs of the XR-based ODS alloy 
specimens, which revealed a typical ductile fracture at both test temperatures with the dimples, but coarse oxide 
particles appear to reside in the dimples to cause the relatively poor elongation. 
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Fig. 4. Tensile test results of XR-based ODS alloy specim
 
Fig. 5. Fractographs of XR-based ODS Alloy 
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the tensile test at room temperature. The relatively poor elongation of the Ni-based ODS alloy specimens seem 
to be attributed to the large precipitates. 
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